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Description £ /fgf^ JC08 Rec'd PCT/PTO 0 9 WAR 2001 

Device for the DC-decoupled connection of a telephone 
line to a signal processing device at the subscriber 
end of the telephone line 

The invention relates to a device for the 
DC-decoupled connection of a telephone line to a signal 
processing device at the subscriber end of the 
telephone line according to the precharacterizing 
clause of Claim 1 . 

Conventional analog telephone subscriber lines 
are frequently also used as data transmission medium. 
For this purpose, the subscribers use the available 
15 capabilities of the analog voice telephone network for 
exchanging data with one another. At the respective 
subscriber end of the telephone subscriber lines, data 
sources and data sinks which send data to a remote 
subscriber or, respectively, receive data from a remote 
:0 20 subscriber are arranged for this purpose. As a rule, 
;jj the data sources and data sinks are conventional 

, computers to which a transmitting device and a 

receiving device in the form of a modem 
(modulator/demodulator) are connected. The modem and 
, s g 25 the computer are connected to a power supply which is 
3 independent of the telephone line at the subscriber 

end. 

The rules of the operators of analog telephone 
networks demand that the terminals connected by a 

30 subscriber to the subscriber end of the two-wire 
telephone line remain DC-decoupled from a local earth 
potential. With respect to the telephone network, a 
modem represents such a terminal which must meet these 
requirements. A modem requires, therefore, a circuit 

35 which, on the one hand, ensures bi-directional signal 
communication via the telephone line and on the other 
hand, ensures DC-decoupling from the telephone line. 
Such circuits are also called DATA Access Arrangements 
(DAA) . 
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Device for the DC-decoupled connection of a telephone 
line to a signal processing device at the subscriber 
end of the telephone line 

The invention relates to a device for the 
DC-decoupled connection of a telephone line to a signal 
processing device at the subscriber end of the 
telephone line. 

From EP-A-0 576 882 a device for the 
DC-decoupled connection of a telephone line to a signal 
processing device at the subscriber end of a telephone 
line is known which exhibits a first circuit which is 
connected to the telephone line and which exhibits a 
second circuit which is connected to the signal 
processing device. In this known device, a hybrid 
circuit for separating the signals of the telephone 
line into a first signal path which extends from the 
telephone line to the signal processing device/ and 
into a second signal path which extends from the signal 
processing device to the telephone line, is provided. 

The received integrated analog signal of the 
telephone line is digitized in the first circuit, 
multiplexed and transmitted via a first transformer to 
the second circuit where it is de-multiplexed. The 
received signal of the second circuit is digitized, 
multiplexed and transmitted via a second transformer to 
the first circuit where it is de-multiplexed. 

WO 93/39907 A discloses a transformerless data 
access arrangement for transferring data between a 
high-speed modem and a telephone line. 

US-A-5, 473,552 discloses an arrangement for 
isolating a computer system from a data transmitter 
network, in which a circuit is fed from a transformer. 

WO 96/04715 A discloses a line interface and a 
method for isolating a data terminal from the line, the 
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signals transmitted via an isolation circuit being 
modulated and demodulated and/ respectively/ mixed. 

EP-A-0 661 862 discloses a coupling device for 
providing for communication between a signal processing 
device and a telephone network comprising an infrared 
transformer and receiver and a sigma/delta coder. 

Conventional analog telephone; subscriber lines 
are frequently also used as data transmission medium. 
For this purpose, the subscribers use the available 
capabilities of the analog voice telephone network for 
exchanging data with one another. At the respective 
subscriber end of the telephone subscriber lines, data 
sources and data sinks which send data to a remote 
subscriber or, respectively, receive .lata from a remote 
subscriber are arranged for this purpose. As a rule, 
the data sources and data sinks are conventional 
computers to which a transmitting device and a 
g receiving device in the form of a modem 

CO (modulator/demodulator) are connected. The modem and 

the computer are connected to a power supply which is 
independent of the telephone line at the subscriber 
H end . 

q The rules of the operators of analog telephone 

Q networks demand that the terminals connected by a 

□ subscriber to the subscriber end of the two-wire 

~ telephone line remain DC-decoupled from a local earth 

5 potential, with respect to the telephone network/ a 

modem represents such a terminal whic!i must meet these 
requirements. A modem requires, therefore, a circuit 
which, on the one hand, ensures bi-directional signal 
communication via the telephone line and on the other 
hand, ensures DC-decoupling from the telephone line. 
Such circuits are also called DATA Access Arrangements 
(DAA) . 
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Conventional concepts for OC-decoupling are 
based on transformers/ in which a winding of the 
transformer forms the line termination at the 
subscriber end of a telephone line. However, 
5 transformers have the disadvantage -hat they have a 
large volume relative to other components of the modem 
in the voice frequency range and have a relatively 
large statistical variation in their electrical 
characteristics. A statistical variation of the 
10 electrical characteristics must be compensated for by 
complex circuits in the modem. 

A circuit arrangement for coupling an analog 
transmission path to a digital transmission path has 
become known from EP 0 798 885. The analog transmission 
IS path could represent an analog telephone line and the 
C3 digital transmission path could represent a digital 

data bus within a modem. The circuit arrangement 
ijjj provides alternatively capacitors and opto-couplers as 

'.'fl DC-decoupling elements. However, the use of 

20 opto-couplers is avoided in many applications because 
rhey are relatively expensive in comparison with the 
other components. The use of capacitors as 
DC-decoupling elements is advantageous in principle but 
□ the implementation of this concept reveals that a pair 

^0 25 of capacitors must be provided for each direction of 
: s f transmission in order to ensure reliable data 

transmission via the isolation boundary. As a rule, 
therefore, at least four capacitors (two capacitors for 
each direction of transmission) are provided in the 
implementation of the capacitive decoupling concept. 
This large number of components is undesirable for 
production reasons. In addition, such a circuit is 
found to be sensitive to common-mode interference on 
the telephone line. 
35 The technical problem of the invention, 

therefore, consists in specifying a device for the 
DC-decoupled connection of a telephone line to a signal 
processing device which can be produced inexpensively 
and can manage with a small number of components. 
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The problem is solved by means of a device 
having the features of Claim 1. Advantageous 
embodiments of this device are found in the sub-claims. 

The device according to the invention uses a 
transformer for DC-decoupling. In this arrangement, 
however, the transformer is not directly connected to 
the telephone line but is only located behind a hybrid 
circuit which separates the signals of the telephone 
line into a first signal path and a jjecond signal path 
for the respective directions of transmission, since 
the signals of the telephone line can be represented in 
a different way, especially in a higher frequency 
range, behind the hybrid circuit, it is possible to 
dimension the transformer differently i.e., the 
15 transformer volume can be made smaller, in such a 
• 3 frequency range, statistical variations of the 

transformer are scarcely significant and do not, 
therefore, need to be taken into consideration. 
'M ln a first preferred illustrative embodiment, 

the signals of the telephone line behind the hybrid 
circuit are supplied to a high-speed digital/analog 
converter or, respectively, analog/digital converter 
3 before the signals thus obtained are supplied to the 

transformer. In an alternative illustrative embodiment, 
25 the signals of the telephone line are demodulated by a 
□ radio-frequency demodulator and respectively, modulated 

by a radio-frequency modulator behind the hybrid 
circuit. Modulation and demodulation is preferably at a 
different frequency for the two directions of 
30 transmission. 

The circuit section which is DC-coupled to the 
telephone line preferably exhibits a power supply 
device which is alternatively fed from the telephone 
line or from the transformer. Feeding from the 
35 transformer is especially advantageous because this can 
be ensured with relatively simple means and is not 
subject to the fluctuations of the power supply of 
analog telephone lines. 
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Further advantages, features and possible 
applications of the invention are obtained from the 
subsequent description of the illustrative embodiments 
in conjunction with the diagrammatic drawing in which: 

Figure 1 shows a first illustrative embodiment of the 
device according to the invention; and 

Figure 2 shows a second illustrative embodiment of the 
device according to the invention. 
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In the illustrative embodiment of Figure 1, 
transformer 3 which ensures the DC-decoupling between 
the subscriber end of an analog telephone line 5 and a 
signal processing device 6 in the form of a DSP 
(Digital Signal Processor) is shown as a DC-decoupling 
□ element. Line 4 symbolizes the isolation barrier which 

jD extends through the transformer 3 and over which 

,.0 signals are exchanged. The transformer 3 has a winding 

m on each side of the isolation barrier 4. A primary 

20 winding is on the side of the telephone line 5 and a 
secondary winding is on the side of the signal 
processing device 6. The windings of i;he transformer 3 
are magnetically coupled to one another. 
; _. The primary winding is connected to a circuit 

25 l. The circuit 1 exhibits an hybrid circuit 7 which 



\g — -• wj.i^uxu j. exnioics an nycna circuit 7 which is 

connected to the subscriber end of the analog telephone 



line 5. The hybrid circuit 7 performs a 
two-wire/ four-wire conversion and provides at the 
four-wire end a signal output and a signal input which 
30 correspond to the directions of transmission between 
the signal processing device 6 and the remote end of 
the telephone line 5. In the firat direction of 
transmission from the analog telephone line 5 to the 
transformer 3, an analog/digital converter 19 which 
35 samples the analog signal arriving from the telephone 
line 5 at a high sampling rate and outputs the sampled 
signal values in the form of digital signals is 
connected downstream of the hybrid circuit 7. In the 
reverse direction, a digital/analog converter 20 is 
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provided which converts the digital signals coming from 
the signal processing device 6 into analog signals in 
order to output them to the telephone line 5 via the 
hybrid circuit 7. The analog/digital converter 19 and 
5 the digital/analog converter 20 are connected to a 
digital signal multiplexer 17 which, in turn is 
connected to two winding taps off the primary winding 
of the transformer 3. The digital signal multiplexer 17 
operates in time-division multiplex in both directions 
10 of transmission, i.e. it alternately sends signals to 
the transformer 3 or receives signals from the 
transformer 3 in a ping-pong process. 

Opposite the circuit 1, a circuit 2 is located 
o» the other side of the isolatior barrier 4 This 
IS circuit 2 is connected to a transformer 3 on the one 
hand and, on the other hand, to a signal processing 
device 6. For the connection to the transformer 3 a 
digital signal multiplexer 18 which operates in a 
similar manner to the digital signal multiplexer 17 in 
the circuit l is provided in the circuit 2 
- Accordingly, the digital signal multiplexer 18 

alternately sends signals to the secondary winding of 
3 the transformer 3 and receives signals from the 

secondary winding of the transformer 3 by time-division 
multiplex in a ping-pong process. The sending and 
receiving by the digital signal multiplexer 18 in each 
case takes place bit-serially. The serial bit stream to 
be sent or to be received is controlled by a frequency 
generator 14 which is connected to the digital signal 
multiplexer 18. The frequency generator 14, in turn i s 
connected to a crystal oscillator 15 which is arranged 
outside the circuit 2. The circuit 2 also exhibits a 
digital filter and control circuit 16 which is 
connected between the signal processing device 6 and 
the digital signal multiplexer 18. The digital filter 

T a JTT CirCUit 16 effSCrS ***W~«i»g of the 
digital data to be sent to the transformer 3 or, 

respectively, to be received by the transformer 3 The 
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digital filter and control circuit .16 is also clocked 
by the frequency generator 14 for this purpose. 

Ac rhe end of the analog telephone line 5, a 
switch 9, for example in the form of a relay, which is 
5 operated by the circuit 1 by means of the digital 
signal multiplexer, is provided inside the circuit 1. 
This switch 9 can also be implemented by a transistor 
and can be integrated. The switch 9 connects the two a 
and b wires of the analog telephone line 5 to the 
10 circuit 8. The switch 9 i s closed when the signal 
processing device 6 of the circuit 1 signals via the 
transformer 3 that a telephone connection is to be 
established, on the other hand, the ringing signal can 
be received by the circuit 1 via a separate line. The 
15 ringing signal is derived voltage-limited from the 
protection circuit 30 in order to signal an incoming 
request for connection to the circuit 1. The circuit 1 
then causes the switch 9 to be closed. 

The a and b wires of the telephone line 5 are 
20 also connected to a rectifier and charge regulating 
circuit 8 which is also controlled by the circuit 1. 
^ The circuit 8 rectifies the signals on the telephone 

Jfj . line 5 ' on the on e hand, in order to regulate the 

current through the a and b wires of the telephone line 
25 5 in accordance with the rules of the respective 
network operator of the telephone line 5, on the other 
hand, in order to signal an off-hook or on-hook 
condition . 

The circuit 1 receives its supply voltage from 
30 two winding taps on the primary winding of the 
transformer 3. These winding taps are connected via the 
diodes 12 and a capacitor 13 to an independent 
reference potential 11 of the circuit 1. The junction 
between diode 12, diode 31 and capacitor 13 i s 
35 connected to a voltage regulating unit 10 in the 
circuit 1 which provides a regulated voltage to the 
remaining parts of the circuit 1. Alternatively, the 
voltage regulating unit 10 could be connected to the 
telephone line 5. Many network operators provide a 
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6 The special feature of the Invention consists Z 
that the transformer 3 is not directs ^ cons «ts ln 
• «- b wires of the telephone " ' Hut' tH * 
hybrid circuit 7 la interposed between the t 
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the high frequency of the .it streams" " 
«dio-fre g uency transformer can b6 US T ^ 
retirements ror this « ans(ormsr 

15 linearity and phase distortion can be lower than L the 
«" with the fcnown low-freouency transferor" which 
are connected directly to the telephone line 5 

„„■ „ ■ ^ ClrCUlC h3S " s own " fe ™nce potential i, 
which „ independent of a reference potential in \ h 
20 circuit 2 or in the signal processing device 6 Z 
Circuits 1 and 2 are preferably in each case integrated 
on one semiconductor chip. The rectifier a» ri 

diodes i 2/ 31 and the capacitor 13 and parts of 

semiconductor circuit sZllTrlt " tt lnte ' ra " d 
csciUator is . discreCe f wfc ™ 

connected to the circuit 2. 

in the c^ 1 ;" ^ Si '" ai -mplexer i, 

in order to recover th e re9Snera "° n 

recover the clock generated by the 
frequency generator 14 in the circuit 2 and . ■ 
in the transited bit stream • contained 

5 circuit section. r >, nd proVlde it to the 

, sections there, especially the diaitai <=< 

multiplexer 17 , . aigital signal 

ipxexer 17, the analog/digital converter 19 ^ 
digital/analog converter 20 At th ! * *** 

rectified data clock can fa* „ T **** ^ the 

clock can b e used as power source by the 



09-03-01 1 1 :22 VON -PA, SKUHRA WE I SE +49-89-3816-1032 T-445 P . 30/42 F-826 



circuit 1. Diodes 12, 31, capacitor 13 and the voltage 
regulating unit 10 are provided for this purpose. 

Figure 2 shows a second illustrative embodiment 
of the invention. Elements fulfilling a similar 
5 function to elements in the illustrative embodiment of 
Figure 1 are in each case designated by the same 
reference symbols in Figures 1 and 2. Reference is, 
therefore, made to the discussions relating to the 
illustrative embodiment of Figure 1 to obtain a more 
10 detailed explanation. In concept, the illustrative 
embodiment of Figure 2 differs from that of Figure 1 in 
that, instead of high-speed bit streams, analog 
radio- frequency signals are transmitted via the 
transformer 3. For this purpose, a modulator 23 which 
15 modulates the signal coming from the hybrid circuit 7 
q onto a radio- frequency carrier with the frequency RF1 

is Provided in the circuit l. The carrier signal thus 
HQ modulated is supplied to an analog signal mixer 21. in 

jjjj the reverse signal direction, a demodulator 25 which is 

J 3 20 driven with a radio- frequency carrier signal having the 
Q frequency RF2 is provided between the analog signal 

mixer 21 and the hybrid circuit 7. The analog signal 
mixer 21 sends the signal coming from the modulator 23 
to the transformer 3 and receives the signal to be sent 
25 to the demodulator 25 from the transformer 3. in the 
preferred illustrative embodiment, the carrier 
frequencies RF1 and RF2 are spaced apart sufficiently 
so that there will be no beating of the modulated 
signals. In the analog signal mixer 2L, the respective 
30 directions of transmission are separated from one 
another by transmit filters and receives filters. 

Similarly, an analog signal mixer 22 which also 
exhibits a transmit filter and a receive filter is 
provided in the circuit 2 of Figure 2. The signal 
35 received from the transformer 3, which has been 
modulated with the carrier frequency RF1 in the 
modulator 23, is demodulated with the aid of a 
demodulator 26 which is also operating at the carrier 
frequency RF1 in the circuit 2. :cn the transmit 
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direction, a modulator 24 is provided which operates at 
the carrier frequency RF2. The output signal of the 
modulator 24 is supplied to the transformer 3 via the 
analog signal mixer 22. The analog signal mixer 21 in 
the circuit 1 receives this signal and supplies it to 
the demodulator 25 which demodulates it at the same 
carrier frequency RF2. 

At the output of the demodulator 26, an 
analog/digital converter 27 which converts the received 
analog signal into a digital signal and supplies it to 
a digital filter and control circuit 29 is provided in 
the circuit 2. i n the reverse direction, digital 
signals from the digital filter and control circuit 29 
are supplied to a digital/analog converter 28 which 
supplies an analog transmit signal to the modulator 24. 
p In the illustrative embodiment of Figure 2, a 

£ frequency-division multiplex method is used instead' of 

jg the time-division multiplex method of Figure 1 for 

; n transmitting bi-directional signals v:.a the transformer 

IB 20 3. Since radio- frequency signals are transmitted via 
the transformer 3, the same requirements apply to the 
transformer 3 of Figure 2 as for the transformer 3 of 
Figure 1. in the illustrative embodiment of Figure 2, 
the hybrid circuit 7 is connected between the 
transformer 3 and the telephone line E . to implement the 
Q frequency-division multiplex method. The circuit l 

K obtains its voltage supply from special taps on the 

primary winding of the transformer 3 via diodes 12, 31 
and a capacitor 13. As in the illustrative embodiment 
30 of Figure 1, the switch 9 is controlled completely 
within the circuit 1. 

Both illustrative embodiments combine the 
advantages of low costs and a lower form factor 
compared with previous solutions. Since the circuit 1 
35 is supplied with power via the transformer 3, no 
network-operator-oriented design of the circuit 1 i s 
required. The circuit l i S/ therefore, also insensitive 
to interference and fluctuations of the direct voltage 
on the a and b wires of the telephone line 5. The 
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switch 9 is preferably controlled in the circuit 1 The 
caller id contained in an incoming request for 
connection can be determined by programming the digital 
filter and control circuit 16 and 29, respectively, in 

circuit 2 and transmitted to the s im, a i ^ 

. _ Ulie signal processing 

devxce 6. Any interfering voltages which may be present 
on the analog telephone line 5 are suppressed by the 
proposed transmission techniques. As a result a very 
high data rate can be achieved over the analog 
telephone line 5. 



